Abstract: Spring and summer vertical distributions of attached algae were studied on artificial substrates (glass cover slips) in shallow fishponds of different trophic status. Differences were found in colonization process between two fishponds, two seasons and between two sites at each fishpond (central part, fishpond shore). Oligotrophic fishpond U třech krátkých can be characterized by better light conditions and lower temperatures. While equal vertical distribution of periphytic algae was observed at oligotrophic site, their relative cover decreased continuously in spring and strongly in summer with the increasing depth at eutrophic site. Oligotrophic fishpond can be characterized by very slow colonization rate and increasing abundance of Chrysophyceae. On the other hand Cyanobacteria were more frequent in eutrophic fishpond where periphyton displayed high colonization rate. Diatom species richness was the highest at oligotrophic site during spring experiments. The sites near the fishpond shore compared to sites in the central part of the fishpond can be characterized by higher rate of colonization, higher periphyton relative cover, lower proportion of Chrysophyceae and higher proportions of diatoms and cyanophytes indicating probably higher trophic level.
Introduction
Zonation of attached algae in lakes has been studied previously (Round, 1981; Cantonati et al., 2002) , especially in deep, large, transparent lakes with extensive littoral zones (Jonsson, 1987; Hoagland & Peterson, 1990) . Analogous to freshwater lentic habitats (Pieczynska & Banas, 1984) , different types of substrates were sampled, most often vascular plants (Galanti & Romo, 1997; Müller, 1999) . The information about succession and substrate colonization of algae in lentic systems is important for potential use of attached algae for biomonitoring. The use of periphytic algae, particularly diatoms, for monitoring stream and river quality has a long tradition (Whitton et al., 1991) . On the other hand, application of these methods for the lake water quality monitoring is becoming to be important just now. Pilot papers (Schönfelder et al., 2002; Poulíčková et al., 2004) found great microhabitat variability and differences between substrates. Authors recommend careful standardization of sampling methods. The use of artificial substrate (glass) has respect to this demand. This study focuses on vertical distribution of attached algae in two shallow fishponds of different trophic status.
Material and methods
Two fishponds of different trophic status, situated in Central Moravia, Czech Republic, were chosen for this comparative study. They are similar in their shallowness, shading by surrounding vegetation, minimized effect of wind or current on water movement; they are not used for intensive fish production.
Oligotrophic locality A is a small forest fishpond "U třech krátkých" (coordinates 49
• 28 49 N; 16
• 47 34 E; altitude 680 m a.s.l.). Total area of the pond is 0.67 ha and maximum depth 2.8 m. Shading by the surrounding forest is approximately 85%. The fishpond catchment area is situated in State Nature Reserve "Skály" without any source of pollution. Therefore, the previous research revealed oligomesotrophic conditions there (pH 6.5-7.0; average conductivity 110 µS cm −1 ; average total phosphorus 0.08 mg L −1 ; KITNER & POULÍČKOVÁ, 2001) .
Eutrophic locality B is a small pond situated in a forest garden in the village of Bílá Lhota (coordinates 49
• 42 35 N; 16
• 58 35 E; altitude 320 m a.s.l.). Total area of the pond is 0.015 ha and maximum depth is 2 m. Shading by the surrounding vegetation is approximately 65%. The eutrophication of the fishpond is probably caused by intensive agriculture activity in the surrounding fields and by sewage-waters from the village of Bílá Lhota. The fishpond has a relatively high conductivity and nutrient concentrations (pH 7.6-8.8; conductivity 602-617 µS cm −1 ; average total phosphorus 1.6 mg L −1 ). As a result of eutrophication, a layer of sediments accumulated in the fishpond bottom. by sediment removal will take place in near future (HAŠLER & POULÍČKOVÁ, 2003) .
The research was based on 4 in situ experiments at two sites of two fishponds (10.4.-10.5.2001 and 13.7.-16.8.2001 ). Microscopic cover glasses adhered to transparent plastic sheet (support panel) and fixed in vertical position were used as an artificial substrate (Fig. 8D) . The exposure time was 32 days and samples were taken in eight-day intervals. The substrates were exposed by the shore at the depth of 20 cm (fixed in the bottom) and in the central part of the fishpond, where the depth was 120 cm. Support panel in the fishpond central part sustained vertical position due to anchorage to the bottom and transparent plastic bottle as a buoy on the surface. Cover glasses were placed at the depths of 20, 40, 60, 80, and 100 cm. Water temperature was measured in situ using mobile instruments (WTW Company, Germany). Light conditions in water column were measured using photoactinometer (Š. Kubín, AS ČR, Třeboň) and expressed in percent of surface light penetrating to the specific depth.
The observation of live material was performed directly from the exposed microscopic cover glasses, without any other treatment. Substrates with two or three layers of attached organisms were observed from both sides (inverted and standard light microscope). The observations were performed on 24 random visual fields (total area 3.565 mm 2 ). The relative cover of each species (or group) was estimated according to relative scale: 1 -cover less than 0.1%; 2 -cover 0.1-1%; 3 -cover 1-5%; 4 -cover 5-20%; 5 -cover 20-50%; 6 -cover 50-90%; 7 -cover 90-100%.
Diatoms were mounted in Naphrax and identified according to KRAMMER & LANGE-BERTALOT (1986 , 1988 , 1991a , 1991b .
Results

Vertical distribution
Both fishponds differ in light penetration through the water column (Fig. 1) ; moreover, experiments differ in temperature course (Fig. 2) . Periphyton relative cover significantly decreases with decreasing light (Linear Regression A spring r 2 = 0.6577; A summer r 2 = 0.7317; B spring r 2 = 0.8705; B summer r 2 = 0.7402; all P < 0.05; light values were ln transformed).
Green algae, chrysophytes and diatoms dominated on the substrates at oligotrophic locality A. While equal . Periphyton colonization process and vertical distribution at oligotrophic locality A spring (circle diameter represents the relative quantity -periphyton relative cover; it is expressed by means of sum of scores: 1 -cover less than 0.1%; 2 -cover 0.1-1%; 3 -cover 1-5%; 4 -cover 5-20%; 5 -cover 20-50%; 6 -cover 50-90%; 7 -cover 90-100%; maximum score can reach 21 = 300% = three layers structure of periphyton; scale bar represents score 20; proportion of each algal group inside the circle is expressed in %).
Legend to distribution of periphytic algae was observed at site A, as concern both qualitative and semiquantitative points of view (Figs 3, 4), differences were observed at site B, especially during summer experiment (Fig. 6 ). Periphyton cover at locality B decreased continuously in spring and very quickly in summer with the increasing depth (Figs 5, 6) . Spring experiment (locality B) could be characterized by diverse structure at the depth of 20 cm and by dominance of animals and diatoms near the bottom. Diatoms dominated at the depth of 20 cm in summer, dominance of animals and shade-tolerating cyanophytes was observed below 20 cm sampling site.
Periphyton microsuccession
Figures 3 to 6 present colonization of different groups . Periphyton colonization process and vertical distribution at locality A summer (circle diameter represents the relative quantity -periphyton relative cover; it is expressed by means of sum of scores: 1 -cover less than 0.1%; 2 -cover 0.1-1%; 3 -cover 1-5%; 4 -cover 5-20%; 5 -cover 20-50%; 6 -cover 50-90%; 7 -cover 90-100%; maximum score can rich 21 = 300% = three layers structure of periphyton; scale bar represents score 20; proportion of each algal group inside the circle is expressed in %).
of periphyton (Cyanobacteria, Chlorophyta, Bacillariophyceae, Chrysophyceae, Cryptophyta, Euglenophyta, and animals). Periphyton cover differs significantly between fishponds (Repeated Measures Anova F = 5.13; P = 0.004). Figure 3 shows colonization process at the locality A during the spring experiment. Substrates were dominated by Epipyxis utriculus Ehrenb. and Phaeoplaca thalosa Chodat with a subdominancy of Oedogonium sp., Stigeoclonium sp. and diatoms (Fragilaria exigua Grun., Pinnularia subcapitata W. Greg., Anomoeoneis brachysira (Bréb.) Grunow, A. serians (Bréb.) A. Cleve. In summer samples, chrysophycean species (Epipyxis utriculus Ehrenb., Hyalobryon lauterbornii Lemmerm.) were dominant in the early stages of colonization and were later replaced by diatoms Eunotia implicata Nörpel et al., E. exigua (Bréb.) Rabenh., F. pinnata Ehrenb., Pinnularia legumen (Ehrenb.) Ehrenb., P. subcapitata W. Greg. and green algae Dicranochaete reniformis Fig. 5. Periphyton colonization process and vertical distribution at locality B spring (circle diameter represent the relative quantity -periphyton relative cover; it is expressed by means of sum of scores: 1 -cover less than 0.1%; 2 -cover 0.1-1%; 3 -cover 1-5%; 4 -cover 5-20%; 5 -cover 20-50%; 6 -cover 50-90%; 7 -cover 90-100%; maximum score can reach 21 = 300% = three layers structure of periphyton; scale bar represents score 20; proportion of each algal group inside the circle is expressed in %).
Hieron., Bulbochaete sp. Oedogonium sp., Stigeoclonium sp., Chaetopeltis orbicularis Berthold (Fig. 8) , Fig. 6 . Periphyton colonization process and vertical distribution at locality B summer (circle diameter represents the relative quantity -periphyton relative cover; it is expressed by means of sum of scores: 1 -cover less than 0.1%; 2 -cover 0.1-1%; 3 -cover 1-5%; 4 -cover 5-20%; 5 -cover 20-50%; 6 -cover 50-90%; 7 -cover 90-100%; maximum score can reach 21 = 300% = three layers structure of periphyton; scale bar represents score 20; proportion of each algal group inside the circle is expressed in %).
Coleochaete scutata Bréb. The fully developed algal community could usually be characterized by a complex spatial structure. Low profile diatoms and green algae adhered directly to the substrate, while stalked diatoms and filamentous algae formed the upper levels. The occurrence of attached animal filtrators was scarce at locality A while its presence was substantial at locality B, especially during early stages and in greater depths (Vorticella sp. div., Tokophrya cf. quadripartita Laparede et Lachmann, Acineta cf. tuberosa Hentschel, Collotheca ornata ornata Ehrenb).
Green flagellates (Carteria sp.) occurred at site B during the spring experiment. They covered available empty space at the early stages of colonization; in the following days, their population was reduced due to the infection by a fungal parasite. Flagellates were replaced by diatoms (Achnanthes minutissima Kütz., Gomphonema truncatum Ehrenb., G. parvulum (Kütz.) Kütz. and green algae (Oedogonium sp.). The occurrence of Euglenophyceae [E. sanquinea Ehrenb., Phacus longicauda (Ehrenb.) Duj.], Cryptophyceae and Cyanobacteria [Planktothrix agardhii (Gomont) Anagn. et Komárek] were scarce and explained by earlier sedimentation of phytoplankton.
However, the presence of Cyanobacteria during spring was rare at locality B, their representation during the summer experiment showed an increasing tendency leading to the development of mucilaginous stratum (Trichodesmium sp., Lyngbya sp. and Komvophoron sp.), together with prostrate diatoms (Amphora pediculus (Kütz.) Grun., Navicula tripunctata (O. Müll.) Bory. The medium layer was formed by short stalked and apically adhered diatoms [Gomphonema minutum (C. Agardh) C.Agardh, G. parvulum (Kütz.) Kütz.]. Finally, the upper level was formed by long stalked diatoms (G. truncatum, Cymbella proxima Reimer) and filamentous green algae (Oedogonium sp., Uronema confervicola Lagerh.) with epiphytes (Characium rostratum Reinsch ex Printz). Table 1 presents the list of diatom species. Species richness was higher in spring than in summer and higher at the oligotrophic locality A than at the eutrophic one. Altogether 27 species were common at both sites, 40 species occurred only at site A, 12 species were found only at site B. According to van Dam et al. (1994) some of the species characteristic only for locality A belonged to oligotrophic, acidophilous species, while species specific for locality B include particularly eutrophic taxa. Common species are mostly euryvalent.
Differences between "littoral" and "pelagial" sites Rather interesting is the comparison of attached algal communities from the same depth (20 cm) at both sites -near the fishpond shore ("littoral") and in the central part of the fishpond ("pelagial"; Fig. 7 ). Periphyton cover differs significantly between "littoral" and "pelagial" sites (One-Way ANOVA locality A: F = 10.00; P = 0.0024; locality B: F = 4.89; P = 0.0307). Main difference is in relative cover, which is higher in the "littoral" zone. Differences in the community composition were found only during spring experiments. Lower "littoral" proportion of Chrysophyceae was observed at locality A and higher "littoral" proportion of diatoms was found at locality B. Cyanobacteria were also more frequent in the "littoral" zone (locality B, summer). Jonsson (1987) suggested that light penetration, substratum type and stability (with respect to wave action), algal growth form, and light requirements regulate the vertical distribution of algae, based on correlation between these parameters and the attached flora. The concentration of nutrients in lentic ecosystems plays an important role, both directly and indirectly, in determining the quantity, quality, and distribution (spatial and temporal) of periphyton (Lowe, 1996) . Similar to our results, Dor (1970) and Schindler et al. (1973) also reported decreasing light quantity and freshwater periphyton productivity with increasing depth. Galanti & Romo (1997) reported marked vertical epiphyton zonation on Trapa natans within the uppermost 50 cm. In contrast, the distribution below 50 cm appeared homogenous due to light limitation below the floating plants. The presence of vertical zonation has been widely reported both on submersed macrophytes growing at different depths (Cattaneo 8 A. Poulíčková et al. & Kalff, 1980) and submersed portions of emergent plants (Müller, 1995) .
Discussion
Although the comparison with deeper lakes should be restricted, some similarities can be found. Attached algal communities dominated by diatoms and green algae were previously recorded in lakes by Lowe (1996) , and Loeb & Reuter (1981) . Seasonal changes in dominant taxa influenced by seasonal changes in temperature were observed by Blum (1982) . In hard-water lakes, dominant filamentous genera included green algae Cladophora, Ulothrix, and Oedogonium (Bohr et al., 1983) . In small soft-water lakes, the littoral zone is usually dominated by desmids, filamentous members of the Zygnematophyceae, and diatom genera Anomoeoneis, Eunotia, Frustulia, and Tabellaria (Bohr et al., 1983) .
In summary, our small oligotrophic fishpond A (pH = 6.57, TP = 83.5 µg · mL −1 ) was dominated by diatoms (Eunotia, Pinnularia, Anomoeoneis) and green algae (Oedogonium, Bulbochaete, Dicranochaete), while small eutrophic fishpond B (pH = 8.11, TP = 1530 µg · mL −1 ) was dominated by Achnanthes, Gomphonema and also by Oedogonium. Cyanobacteria (Trichodesmium sp., Lyngbya sp.) were more frequent at site B than at site A, especially during the summer experiment. Loeb & Reuter (1981) reported deeper shaded parts to be dominated by filamentous and colonial cyanophytes, Calothrix and Lyngbya, as it was in case of locality B. Chlorophyta are less tolerant to low light intensities than Cyanobacteria or Bacillariophyceae.
However, even if true littoral or pelagic zones can hardly be defined in shallow fishponds, differences between the periphyton from both sites -near the shore (further "littoral") and from the fishpond center ("pelagial") -were observed also in our two fishponds (Fig. 7) . The "littoral" zone can be characterized by higher rate of colonization, higher periphyton relative cover, lower proportion of Chrysophyceae, and higher proportions of diatoms and cyanophytes. These differences can be influenced by both nutrient and light availability. Hill (1996) and Steinman et al. (1997) studied epipelic, epiphytic and planktonic communities at littoral and pelagic sites of the lake during the vegetation season. Both site and season influenced the communities significantly. Sites situated deeper within the littoral zone had greater epipelic and epiphytic biomass than those located along the fringe zone between the pelagic and littoral zones. The highest quantity was found in June. A higher eutrophication of the littoral zone compared to the pelagial was observed also in Alpine lakes (Poulíčková et al., 2004) .
